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Introduction
The electromagnetic penguin b decay b ---, s? [ 1 ] is a flavor changing neutral current transition induced at leading order by one-loop diagrams with a W boson propagator and u, c, t quarks in the loop. Within the Standard Model [2] , the inclusive branching ra-tio b ~ s? is expected to be Br(b ~ sy) = (2.56-3.94) x 10 -4 for mt in the range 90-200 GeV [3] . Electromagnetic penguin decays offer a unique window to probe new hypotheses [4, 5 ] beyond the Standard Model. In particular, Two Higgs Doublets [6] theories contain new diagrams with a charged Higgs boson that add constructively to the W boson loop diagram. The dominant contribution of the t-quark loop make the b ~ s7 transition particularly sensitive to the Htb vertex. A possible enhancement in the b ~ s7 decay rate could be interpreted as a signal for new physics. In the Minimal Supersymmetric extension of the Standard Model (MSSM) [7] where there could be destructive contributions from superpartners, the decay rate could be larger or smaller [ 5 ] than in the Standard Model depending on the choice of model parameters.
Because of the large mass of the b-quark, the properties of the electromagnetic penguin decay of a bhadron are mainly governed by the b ~ s? decay. Exclusive decay channels of the B mesons are the two body decays B ° ~ E°y and B + ~/C+y, where/C is a strange resonance and B ° ~ ~by. Early searches for the B ° and B + penguin decays were undertaken by the ARGUS, CLEO and CRYSTAL BALL collaborations [ 8 ] . The first candidates of the B ° ~ K *° (892) and B----, K*-(892)y decays were recently reported by the CLEO collaboration [ 9 ] .
Although the quark level calculations for the b ~ sy branching ratio are rather precise, the predictions of the branching ratios for exclusive decay channels are affected by large uncertainties due to the long-distance QCD effects [4] . Therefore, the b ~ s7 inclusive decay rate cannot be exactly derived from the measurements of the exclusive decay branching ratios. The observation of the exclusive decays by the CLEO collaboration has however allowed to set the lower bound Br(b ~ sy) > 0.6 × 10 -4 at 95% C.L. [9] .
In this paper, we report on an inclusive search for the b ~ sy decay at LEP based on an integrated luminosity of 37 pb -1 collected with the L3 detector during the 1991 and 1992 runs. The advantage of the inclusive search is that one can derive or set an upper limit on the b ~ sy rate independently of the decay products of the b-hadron. The invariant mass of a system in the decay/3 ~ S~, is reconstructed independently of S by using the photon and jet axis kinematics. The signal is identified by requiring the invariant mass of 13 be compatible with that of a bhadron. The energy of the photon in the rest frame of/3 is reconstructed and used to further suppress the background. The calculation of the photon spectrum in the inclusive b ~ s? decay [10] predicts this energy to be peaked towards E~ ax = (m 2 -m 2 )/(2mb), where mb (me) is the mass of the b (s) quark.
The background to this search is dominated by prompt photons in hadronic Z decays and by energetic leading neutral mesons produced in fragmentation decaying to two unresolved photons.
L3 detector
Details of the L3 detector can be found in ref. [ 11 ] . L3 consists of a time expansion chamber (TEC) for tracking charged particles, a high resolution electromagnetic calorimeter of B GO crystals, a barrel of scintillation counters, a hadron calorimeter with uranium absorber and proportional wire chamber readout and a muon spectrometer. The luminosity is determined from small-angle Bhabha scattering using BGO electromagnetic calorimetry in the polar angle ranges 0 and rt-0 between 24.93 and 69.94 mrad. The fiducial solid angle is 99% of 4n. All subdetectors are installed inside a 12 m diameter solenoidal magnet which provides a uniform 0.5 T field along the beam direction. where Evis is the total energy observed in the calorimeters, Eli is the energy imbalance along the beam direction, and E± is the transverse energy imbalance. The clusters are constructed by grouping neighboring calorimeter signals which are likely to be produced by the same particle. The cut on the number of clusters and number of tracks selects only high multiplicity events. We collected 927772 such events during the 1991 and 1992 runs. The acceptance of the cuts for hadronic Z decays is determined with the JETSET [12] Monte Carlo program to be (95.28 + 0.04 (star.))%. The trigger efficiency for these events is better than 99.9% due to the combination of all the detector triggers. The contamination from Z ~ z + ~-decays is estimated to be about 430 events and is neglected.
Photons produced in multi-hadronic events are identified by analyzing the shape of the electromagnetic showers in the BGO calorimeter. The ratio of the energy deposited in a 3 × 3 crystal array ()'-~9) and a 5 x 5 array ()-'~25) around the most energetic crystal must satisfy )"~9/~25 > 0.94. Fully simulated multi-hadronic events indicate that in addition to prompt photons radiated from final-state quarks and to a lesser extent from initial-state photons (for which the v~ dependence has been neglected), the selected events contain unresolved photon pairs from the decay of neutral hadrons (typically n°'s or t/'s). An algorithm which uses a chi-square method to compare the energy deposited in each crystal with the predicted energy of an electromagnetic shower is used to reduce this neutral mesons background. The cut Z 2 < 25 is used to pre-select the electromagnetic clusters .1 . The behavior of the )--~9 / ~25 and g 2 was checked with the Bhabha sample e + e-~ e + e-(y). The difference between data and Monte Carlo shows a systematic error of about 2%. To select neutral clusters, a charge veto requiring there be no track within AS = 5 mrad half-opening angle around the cluster direction removes electrons and other charged particles.
For this search, hadronic events are selected if there is at least one hard photon with an energy greater than l 0 GeV. This cut removes a large fraction of the background coming from radiated photons and from fragmentation into zc°'s or ~/'s since their energies have sharp falling spectrums. The photons are required to lie within the barrel region, I cos 0] < 0.72.
Fully simulated JETSET Monte Carlo events -960 K events -are normalized to the number of hadronic events prior to electromagnetic cluster selection. The data and Monte Carlo samples are then subjected to the selection cuts. We obtain 25120 events from the data, while from the JETSET sample 22628 + 152(stat.) are expected, which is roughly 10% less. As a cross-check, about 380 K fully simulated events generated with the HERWIG Monte Carlo [ 13 ] are subjected to the same cuts. This yields 24506 + 249 events which is consistent with the data.
The study of energetic isolated hard photon emission in hadronic events has been reported in ref. [ 14] , where comparisons with theoretical models were presented. Uncertainties in the number of hard electromagnetic clusters are dominated by the description of the radiative process Z ~ q~y and by the fragmentation process which can yield single particles with energies up to the beam energy. The study of ref. [14] considers only isolated electromagnetic clusters. The angle of isolation ~ between low-energy Ir°'s and t/'s and the nearest jet axis #2 has been compared to the predictions of JETSET and HERWIG. In the region < 30 °, discrepancies up to 10% are seen in the angle distribution. In this analysis, the JETSET sample is normalized to the data after the selection described above.
b --~ s~, selection
The background is highly suppressed with stringent photon identification cuts and by reconstructing the following three kinematical variables using calorimetric information: the mass of the b-hadron candidate, rob, the energy of the photon in the b-hadron rest frame, ET, and the direction of emission of the photon in the b rest frame with respect to the b direction of flight, 0".
The shapes of the )-'~9 / Y~2s and g 2 distributions in the hadronic event agree well with those predicted by the JETSET Monte Carlo. The electromagnetic clusters must satisfy
(1)Z2 < 12, (2) E9/E25 > 0.99.
After these cuts, 9272 events survive in the data and are in good agreement with the Monte Carlo expectations. In the rest of the selection, the direction of flight of the b-hadron is approximated by the event thrust axis, nthr. The simulation yields a Gaussian error on the direction of the b-hadron with a sigma of #1 The Z 2 is found by summing over 9 crystals such that the DOF = 8.
#2 Jets are reconstructed using the JADE [ 15 ] algorithm with a ycut = 0.05.
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.1 + 0.1 mrad. The additional cut on the cosine of the polar of the thrust axis is applied:
(3) I cos(0,h01 < 0.7.
In the laboratory frame, the b-hadron spans a large momentum spectrum peaked at high momenta, parametrized by the Peterson et al. formula [ 16] (eb = 0.050 [17] is used). In the simulation of the fragmentation process, a correlation is seen between the momentum of the b-hadron and the charged multiplicity of the jet closest to the photon, kj. By selecting events where the jet charged multiplicity is low, the sample is biased toward high energy b-hadrons, which helps restrict the energy spread. The following cut is used: (4) kj < 5, which increases the mean energy of the selected bhadrons by approximately 6 GeV and decreases the RMS by about 3 GeV. Some implications of cut (4) will be discussed when the efficiency for detecting the signal is calculated.
Kinematics are used to calculate the invariant mass of the b-hadron. The energy of the "jet" system J recoiling against the photon is computed by balancing the transverse momenta of the photon and of J with respect to the thrust axis. The direction of flight of the jet "J" is approximated by tends to be forward or backward to the direction of flight. To obtain 0", the photon candidate is boosted along the thrust axis assuming a boost of 6.6.
The distribution of cos(0*) after cuts (1)- (4) is shown in fig. 1 . The cos(0*) distribution for the data is peaked at -1 and + 1 while for the signal it is consistent with being fiat. The data is not symmetrically distributed around cos(0*) = 0 as the cut on the energy reduces the efficiency for detecting photons backward to the direction of flight. To reduce further the background, the following cut is applied:
(5) -0.8 < cos(0*) < 0.5. The distribution of E~ and ff~b after cuts (1)-(5) are shown in figs. 2 and 3 for the data compared to the simulated background. For the signal, the ffzb distribution is expected to be centered at 5.3 GeV with a width of 1.2 GeV and the energy E~ at 2.8 GeV. Therefore, events are selected if they satisfy (6) 1.8 < E~ < 3.8 GeV, (7) 4 < fftb < 7 GeV. The transverse momentum of the photon is calculated with respect to the thrust axis. The measured Pt which is smeared by the angular resolution of the thrust axis is used to remove background: (8)pt < 3.4 GeV.
= (1)
where it is assumed that 7 = 6.6 and ms = 5.3 GeV.
The same Lorentz boost is used for the rest of the analysis. Defining the angle between the thrust axis and the photon by 01 and the angle between the thrust axis and the jet "J" by 02, i.e.cos01 = nthr.pe/~vl, and cos02 = nthr.P]/lP]l, then, with the constraint on the jet energy, the invariant mass becomes
which is independent of Es. In the simulated events, the boost gives a resolution of 19.4 + 0.5% for E~ and the ratio of the energy measured to that generated has a mean of 1.022 + 0.005. A set of different Lorentz boosts ranging from 6 up to 8 were tested and no significant change of resolution resulted. The direction of flight of the photon in the b-hadron rest frame, cos 0", should reflect isotropic emission. The background which originates from the fragmentation Reconstructed jet invariant mass (GeV) Fig. 3 . Reconstructed invariant mass of the B meson candidate.
After all the cuts, 88 events are left in the data while 85.9 • 9.0 (stat.) are expected from background. The contamination from rr ° and ~/amounts to 31.1 + 5.5 (stat.) events in total. There is no evidence for a signal in the data. For example, the distribution of the photon energy E~ is compatible with a fiat distribution. The bin-by-bin difference between the data and the Monte Carlo for this variable is taken and a horizontal straight line is fitted with constant 0.43 + 0.36 and a chi-square Z 2 = 37.45 for 27 degrees of freedom. The errors are computed by adding in quadrature the statistical errors for the data and the Monte Carlo.
Signal efficiency
The signal efficiency cannot be calculated exactly because the branching ratios of the various decay modes of b-hadrons via the b ---, s7 decay are not well known. We have calculated the efficiencies for the most probable exclusive channels of the B meson. The b-baryons are not investigated and not included in the calculation of the limit. The considered exclusive decays, the average multiplicity of the jet, (kj), and the detection efficiency are shown in table 1. The listed decay modes contribute the largest fraction to the total decay modes of the b ---, s7. The decay channels differ in the spin and the mass of the strange resonance. Within the uncertainties, the efficiencies are insensitive to the decay modes. The observation that the average number of charged particles is rather independent is understood by the similar decay pattern of the strange states and by the "diluting" effect of the fragmentation. We do not attempt to reweight the efficiencies. A conservative estimate for the efficiency is given by the smallest value in table 1. In the following, we consider the signal detection efficiency: Table 1 Average multiplicity of the jet closest to the photon, (k j), and selection efficiency, e (%), for different decay modes. (The antiparticle and charge conjugate modes are understood.) The errors are statistical only.
Decay mode (kj) ~ (%)
B° ----, K*o (892)y 3.254-0.04 6.3+0.7 B :i: ---+ K *+ (892)7 3.45 + 0.04 6.9 4-0.7 BO --+ KO (1270)7 3.61-4-0.07 6.6-I-0.7
B°----,K~°(1430)y
3.63+0.05 5.2+0.6 B + ---, K~+ (1430)7 3.58+0.05 7.64-0.7 B° ----, K~) ( 1780)y 3.314-0.03 5.6+0.6
Bs ~ fb7 
Results
After all cuts 88 events remain in the data while 85.9 4-9.0 are expected from background. The background must be subtracted from the data to extract a limit on the signal. This is a delicate task for the absolute knowledge of the background is intrinsically uncertain. We are reassured by the observation that after the rescaling of the JETSET sample at an early stage of the selection, the data and the Monte Carlo distributions exhibit similar behaviors when more stringent cuts on the electromagneticity and on the signal selection are applied. The Monte Carlo samples from HERWIG and JETSET are added for the estimation of the final background amounting to a total of about 1340 K events, to be compared with 930 K data events.
Using Poisson statistics, the upper limit at the 90% C.L. is 18.6 events. Due to the subtraction of the background from the Monte Carlo prediction, source of systematic errors are investigated. They can be divided in two classes: (a) systematics due to approximations made in the Monte Carlo generator and in the detector simulation. They induce uncertainties in the physical distributions, as for instance, the distribution of tracks in a jet and the opening of the particles in a jet; (b) systematics induced by an overall normalization of the background, like the actual number of 7r°'s from fragmentation.
The first source of systematic can be expressed as an error on the estimation of the signal and background efficiencies. From the general agreement between the data and the Monte Carlo distributions, a relative systematic error of 2.3% is derived. This includes 2.0% error from the usage of the electromagnetic Z 2. To understand the effects of these errors on the limit, we vary the selection cuts and calculated the upper limit for the signal in each case. The results are Table 2 Effect of changing the cuts on the 90% C.L. upper limit. Ndata is the number of events in data, NMC is the number of expected events, Nupver is the upper limit on the expected number of signal events and es is the signal detection efficiency. The statistical error on es is about 5:0.7%. The fragmentation effects on the amount of 7t ° and r/background are estimated by noticing that out of the 85.9 4-9.0 events expected, there are 31.1 4-5.5 which come from the misidentification of energetic neutral vector mesons decayed into photons. The rate of this fragmentation debris induces a systematic error of about 10%. The effects on the upper limit of changing the number ofpions and etas in the Monte Carlo is shown in table 3. The limit increases to 20.80 events when the number of pions and etas are decreased by 10%. For comparison, a global shift of the background normalization by 5% gives approximately the same resuit. As expected, this is an important source of background for the signal.
Finally, to check the sensitivity of the limit on the detector simulation errors, the energy and angular resolution of the BGO and of the hadron calorimeter are changed in the simulation. As shown in table 4, no effect is observed. The resolution of the thrust axis is however an important parameter as the analysis presumes this direction to estimate the direction of flight of the b-hadron. An unrealistic smearing of the thrust axis of 25 mrad in quadrature in both 0 and ~ reduces the efficiency to 3.5%. An absolute systematic error of 0.5% on the efficiency is assigned due to the resolution of the thrust axis. The number of hadrons corresponding to the data sample is Nh = 973733 + 987(stat.) 4-7345(syst.) , where the systematic error on the number of hadrons is estimated to be 0.75%. The branching ratio of the process Z ° ~ bb is taken as F~g/Fh = 0.219 -4-0.008 [18] To include the systematic error in the determination of the upper limit, a pessimistic prescription which consists on subtracting the absolute systematic error from the signal efficiency es is used. The sources of systematic errors are summarized below: -2.3% relative uncertainty in the Monte Carlo simulation of the detector which includes 2.0% from the X 2 evaluation. -0.5% absolute uncertainty from the thrust axis direction resolution and energy and angular resolutions of BGO and hadron calorimeter. Table 4 Effect of artificially changing the simulation of detector effects to show the sensitivity/insensitivity to the imperfections of the simulation. NM C is the number of expected events and es is the signal detection efficiency. The changes represent a doubling of the measured (and simulated) resolutions. The statistical errors on the efficiencies are about 4-0.7%. 
Conclusion
A search for the b ~ s7 decay was performed using an integrated luminosity of 37 pb -l at v~ ~ mz. No evidence for a signal was found. The inclusive search was used to set an upper limit on the b ~ s7 reaction at Br(b ~ s~,) < 1.20 x 10 -3 at the 90% C.L. This result is consistent with the Standard Model expectation. It is also compatible with the preliminary inclusive upper limits obtained by CLEO [ 19] .
